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BISTATIC AZIMUTH DETECTION SYSTEM AND DETECTION METHOD 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a bistatic azimuth 
5 detection system and a detection method thereof , and in part icular , 
relates to a bistatic azimuth detection system and a detection 
method which detect an azimuth of a target by receiving and 
analyzing a reflective sound , obtained by a sound which is radiated 
from sound source equipment and is reflected by the target in 
10 the sea, with one or more wave receiving equipment in positions 
different from that of the sound source equipment. 

Description of the Related Art 

FIG. 9 shows an explanatory diagram of an example of a 
conventional bistatic azimuth detection method. In FIG. 9, a 

15 sound wave transmitted by a sound source unit 30 is reflected 
by a target 31 in the sea, and the reflective sound is received 
in a wave receiving unit 32 installed in a position different 
from the sound source unit 30 . The wave receiving unit 32 converts 
the received reflective sound into a reflective acoustic signal 

20 which is an electric signal, and outputs it to a processing unit 
33. The processing unit 33 detects an azimuth, having a highest 
sound level, as an arrival azimuth to a reference axis of the 
wave receiving unit 32 by analyzing a sound level, which the 
wave receiving unit 32 receives for every unit azimuth, on the 

25 basis of the inputted reflective acoustic signal. 
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In FIG, 9, 9 shows the above-described arrival azimuth. 
Moreover, the wave receiving unit 32 has a compass and detects 
a magnetic north azimuth of the reference axis of the wave 
receiving unit 32 to output it to the processing unit 33. In 
5 FIG . 9 , </> shows the magnetic north azimuth of the above-described 
reference axis. Then, the processing unit 33 adds the magnetic 
north azimuth <t> of the reference axis to the arrival azimuth 
9 of the reflective sound from the target 31, and detects the 
result as a target azimuth of the target 31. 

10 In addition, bistatic azimuth detection equipment which 

automates target echo detection and target position localization 
is also known conventionally (for example, refer to Japanese 
Patent Laid-Open No. 2001-296359). The conventional bistatic 
azimuth detection equipment mentioned in Japanese Patent 

15 Laid-Open No. 2001-296359 comprises a signal processing unit 
which performs the processing of removing a narrow -band signal 
whose frequency is stable in time , from an acoustic signal received 
by a receiving unit, and emphasizing a target echo, a primary 
detection processing unit which extracts a signal appropriate 

20 for a target echo by setting a threshold, a secondary detection 
processing unit which classifies the result of primary detection 
processing into categories, such as a target echo, a direct wave, 
a submarine reflective wave, and sea noise, by a neural network, 
and detects the target echo, and a target position localization 

2 5 processing unit which calculates arrival time difference between 
the detected target echo and direct wave , and localizes a target 
existence zone by ellipse drawing to detect a target position 
from an intersection with a signal arrival azimuth. 
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Further, a signal detection system is known conventionally, 
the signal detection system which can distinguish whether a 
received echo is one from a true target or one reflected on a 
sea surface or a sea bottom. The signal detection system includes 
5 a plurality of directive passive sonobuoies each receiving an 
echo of a sound wave which a sound source sonobuoy radiates 
underwater, calculates an existence zone of the target, which 
is a sound source of echoes which they receive (including a sea 
surface and a sea bottom) , on a two-dimensional coordinate plane 

1 0 for every directive passive sonobuoy from the positional relation 
and propagation time between the sound source sonobuoy and each 
of directive passive sonobuoies, cumulates an echo level for 
every target existence zone, and compares the echo cumulation 
level with a threshold level (for example, refer to Japanese 

15 Patent Laid-Operi No. 7-294640). 

However , the conventional bistatic azimuth detection method 
shown in FIG. 9 cannot perform highly accurate azimuth detection 
due to error factors such as the accuracy of a compass, and an 
earth magnetism deviation. In addition, since an azimuth 

20 detection function such as a compass is indispensable, amechanism 
is enlarged and cost increases. 

In addition, since the conventional equipment mentioned 
in Japanese Patent Laid-Open No. 2001-296359 performs 
classification into categories, such as a target echo, a direct 

25 wave, a submarine reflective sound, and sea noise, by a neural 
network, and detects the target echo, a load of a computer is 
large. The configuration of equipment is also complicated and 
expensive. Moreover, since it determines a magnetic north 
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azimuth with a compass and estimates an existence position of 
a target by using an arrival azimuth of the target, it is also 
not possible to perform highly accurate azimuth detection due 
to the above-described error factors such as the accuracy of 
5 a compass, and an earth magnetism deviation. 

Furthermore, since the conventional system mentioned in 
Japanese Patent Laid-Open No. 7-294640 calculates an existence 
azimuth of a target by using directional characteristics of three 
directive passive sonobuoies, three passive sonobuoies are 
10 required. Since each passive sonobuoy has a compass and detects 
a magnetic north direction, it is not possible to perform highly 
accurate azimuth detection due to the above- described error 
factors such as the accuracy of a compass, and an earth magnetism 
deviation . 

15 

SUMMARY OF THE INVENTION 
The present invention aims at providing a bistatic azimuth 
detection system and a detection method thereof which can perform 
more highly accurate azimuth detection than the conventional 
20 regardless of errors due to the detection by a compass. 

In order to achieve the above -described objects, in a 
bistatic system which detects a target azimuth by typically 
radiating a sound wave into the sea from sound source equipment , 
receiving a reflective sound, reflected by the target in the 
25 sea, by one or more wave receiving equipment separated from the 
sound source equipment, and analyzing the received wave signal, 
the target azimuth is detected on the basis of an azimuth of 
the sound source equipment which is calculated from position 
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information on the sound source equipment and wave receiving 
equipment, and an azimuth of the sound source equipment which 
is obtained by analyzing the received wave signal. 

According to the first aspect of the present invention, 
5 as shown in FIGS. 1 and 2, a bistatic azimuth detection system 
comprising: sound source equipment 2 which transmits a sound 
wave to a target 3 in the sea and transmits first position 
information on the equipment 2 ; wave receiving equipment 1 which 
transmits second position information on the wave receiving 

10 equipment 1 with a received wave signal which is obtained by 
receiving a direct wave from the sound source equipment 2 and 
a reflective sound from the target 3; sound source azimuth 
detection means 4 which detects an azimuth of the sound source 
equipment 2 viewed from the wave receiving equipment 1 on the 

15 basis of the first and second position information; arrival 
azimuth detection means 5 which detects a sound source arrival 
azimuth 6, which is an arrival azimuth of the direct wave from 
the sound source equipment 2, and a target arrival azimuth 7, 
which is an arrival azimuth of the reflective sound from the 

20 target 3, on the basis of the received wave signal; a subtractor 
circuit 8 which calculates difference between them; and target 
azimuth detection means 9 which detects an azimuth of the target 
3 on the basis of the azimuth detected by the sound source azimuth 
detect ion means 4, andthedif f erence calculated by the subtractor 

25 circuit 8. Here, the arrival azimuth detection means 5 and the 
subtractor circuit 8 constitute calculation means. 

It is possible to obtain a highly accurate target azimuth 
without a compass by calculating the difference between the sound 
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source arrival azimuth 6 and target arrival azimuth 7 which are 
obtained from the received wave signal , and detecting the azimuth 
of the target 3 on the basis of the azimuth detected by the sound 
source azimuth detection means 4, and the difference calculated 
5 by the calculation means. n 

According to the second aspect of the present invention, 
a bistatic azimuth detection system comprising: sound source 
equipment which transmits a sound wave to a target in the sea 

and transmits first position information on the equipment; wave 

> 

1 0 receiving equipment which transmits second position information 
on the wave receiving equipment with a received wave signal which 
is obtained by receiving a direct wave from the sound source 
equipment and a reflective sound from the target, and specific 
azimuth information on a specific azimuth obtained by a compass; 

15 first sound source azimuth detection means which detects an 
azimuth of the sound source equipment to a specific azimuth in 
the wave receiving equipment on the basis of the first and second 
position information; second sound source azimuth detection 
means which detects an arrival azimuth of the direct wave to 

20 the specific azimuth in the specific azimuth information on the 
basis of the received wave signal and the specific azimuth 
information; target azimuth detection means which detects a 
target azimuth, which is an arrival azimuth of the reflective 
sound , to the specific azimuth in the specific azimuth information 

25 on the basis of the received wave signal and the specific azimuth 
information; and azimuth correction means which corrects the 
target azimuth with the difference between the azimuth detected 
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by the first detection means and the azimuth detected by the 
second detection means. 

According to the second aspect of the present invention, 
the azimuth of the sound source equipment to a specific azimuth 
5 (for example, a magnetic north azimuth) is detected on the basis 
of the first and second position information , the arrival azimuth 
of the direct wave to a specific azimuth which a compass shows 
(for example, a magnetic north azimuth) is detected on the basis 
of the received wave signal , and the target azimuth to the specific 

10 azimuth is detected on the basis of the received wave signal 
and the specific azimuth information. Then, the target azimuth 
is corrected with the difference between the azimuth of the sound 
source equipment and the arrival azimuth of the direct wave. 
Hence, it is possible to perform highly accurate detection with 

15 no influence of the accuracy of a compass, an earth magnetism 
deviation, etc. which lead to azimuth errors. 

The sound source equipment wirelessly transmits the first 
position information, and the wave receiving equipment 
wirelessly transmits the received wave signal and the second 

20 position information. 

Each of the sound source equipment and the wave receiving 
equipment receives signals from satellites of the Global 
Positioning System to acquire longitude and latitude information 
on the equipment as the position information on the equipment. 

25 According to the third aspect of the present invention, 

a bistatic azimuth detection method of a bistatic azimuth 
detection system which includes sound source equipment, which 
transmits a sound wave to a target in the sea and transmits first 
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position information on the equipment, and wave receiving 
equipment, which transmits second position information on the 
wave receiving equipment with a received wave signal which is 
obtainedby receiving a direct wave from the sound source equipment 
5 and a reflective sound from the target, comprising: a first step 
of detecting an azimuth of the sound source equipment viewed 
from the wave receiving equipment on the basis of the first and 
second position information; a second step of detecting a sound 
source arrival azimuth, which is an arrival azimuth of the direct 

10 wave from the sound source equipment , and a target arrival azimuth , 
which is an arrival azimuth of the reflective sound from the 
target, on the basis of the received wave signal to calculate 
difference between them; and a third step of detecting an azimuth 
of the target on the basis of the azimuth detected at the first 

15 step, and the difference calculated at the second step. 

Similarly to the first aspect of the present invention. 
It is possible to obtain a highly accurate target azimuth without 
a compass by calculating the difference between the sound source 
arrival azimuth 6 and target cirri val azimuth 7 which are obtained 

20 from the received wave signal, and detecting the azimuth of the 
target 3 on the basis of the azimuth detected by the sound source 
azimuth detection means 4 , and the difference calculated by the 
calculation means . 

According to the fourth aspect of the present invention, 

25 a bistatic azimuth detection method of a bistatic azimuth 

detection system which includes sound source equipment which 
transmits a sound wave to the target in the sea and transmits 
first position information on the equipment , and wave receiving 
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equipment which transmits second position information on the 
wave receiving equipment with a received wave signal which is 
obtained by receiving a direct wave from the sound source equipment 
and a reflective sound from the target, and specific azimuth 
5 information on a specific azimuth obtained by a compass, 

comprising: a first step of detecting an azimuth of the sound 
source equipment to a specific azimuth in the wave receiving 
equipment on the basis of the first and second position 
information; a second step of detecting an arrival azimuth of 

10 the direct wave to the specific azimuth in the specific azimuth 
information on the basis of the received wave signal and the 
specific azimuth information; a third step of detecting a target 
azimuth, which is an arrival azimuth of the reflective sound, 
to the specific azimuth in the specific azimuth information on 

15 the basis of the received wave signal and the specific azimuth 
information; and a fourth step of correcting the target azimuth 
with difference between the azimuth detected at the first step 
and the azimuth detected at the second step. 

Similarly to the second aspect of the present invention, 

20 the azimuth of the sound source equipment to a specific azimuth 
(for example, a magnetic north azimuth) is detected on the basis 
of the first and second position information , the arrival azimuth 
of the direct wave to a specific azimuth which a compass shows 
(for example, a magnetic north azimuth) is detected on the basis 

25 of the received wave signal , and the target azimuth to the specific 
azimuth is detected on the basis of the received wave signal 
and the specific azimuth information. Then, the target azimuth 
is corrected with the difference between the azimuth of the sound 
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source equipment and the arrival azimuth of the direct wave. 
Hence, it is possible to perform highly accurate detection with 
no influence of the accuracy of a compass, an earth magnetism 
deviation, etc. which lead to azimuth errors. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing a configuration of a principal 
part of the present invention; 

FIG. 2 is a block diagram of another principal part of the 
present invention; 
10 FIG. 3 is a diagram showing a configuration of a bistatic 

azimuth detection system according to a first embodiment of the 
present invention; 

FIG. 4 is a block diagram of the wave receiving buoy and 
sound source buoy in FIG. 3; 
15 FIGS. 5A to 5C are explanatory diagrams of an azimuth 

detection method in the first embodiment of the present invention ; 

FIG. 6 is a diagram showing a configuration of a bistatic 
azimuth detection system according to a second embodiment of 
the present invention; 
20 FIG. 7 is a block diagram of the wave receiving buoy and 

sound source buoy in FIG. 6; 

FIGS. 8A to 8C are explanatory diagrams of an azimuth 
detection method in the second embodiment of the present 
invention ; and 

25 FIG. 9 is an explanatory diagram of a conventional azimuth 

detection method. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Embodiments of the present invention will be explained with 
drawings. FIG. 3 is a diagram showing a configuration of a 
bistatic azimuth detection system according to a first embodiment 
5 of the present invention. In FIG. 3, a wave receiving buoy 11 
is wave receiving equipment thrown into the sea from an airplane 
10, and transmits received information (received wave signal) 
obtained by receiving a sound in the sea (a sound wave radiated 
from a sound source buoy 12, its reflective sound, a reverberant 

10 sound, sea noise, etc.) with GPS position information on the 
wave receiving buoy 11, which is obtained by using the Global 
Positioning System (GPS), to the airplane 10 by radio. 

The sound source buoy 12 is sound source equipment thrown 
into the sea from the airplane 10, and transmits the GPS position 

1 5 information on the sound source buoy 1 2 by radio while transmitting 
a sound wave at a specific frequency into the sea by the control 
of the airplane 10. A target 13 is in the sea and reflects a 
sound wave transmitted by the sound source buoy 12 . The airplane 
10 mounts an arithmetic unit which calculates arrival azimuths 

20 of a sound transmitted from the sound source buoy 12, and a 
reflective sound from the target 13 on the basis of the received 
signal from the wave receiving buoy 11, and GPS position 
information on the wave receiving buoy 11 and sound source buoy 
12. 

25 FIG. 4 is a block diagram of the wave receiving buoy 11 

and sound source buoy 12 in FIG. 3 . In FIG. 4 , the wave receiving 
buoy 11 comprises an acoustic wave receiving unit 111, a GPS 
receiver 112, and a VHF transmitter 113. The acoustic wave 
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receiving unit 111 is a circuit which receives a sound wave in 
the sea, converts the received sound into an electric signal, 
performs signal processing of the electric signal such as 
amplification, and outputs the signal as a received wave signal, 
5 and the detailed configuration itself is well known up to now. 
Moreover , since it is not directly related to the present invention , 
the explanation of its detailed configuration will be omitted. 

The GPS receiver 112 receives GPS signals transmitted from 
a plurality of satellites (hereinafter GPS Satellites) which 

10 constitute the well-known GPS, and outputs the position 

information of latitude and longitude of a position where the 
wave receiving buoy 11 exists , and time information by awell-known 
method. The VHF transmitter 113 transmits to the airplane 10 
the received wave signal from the acoustic wave receiving unit 

15 111 and an output signal from the GPS receiver 112 as a signal 
in a VHF band. 

The sound source buoy 12 comprises a GPS receiver 121 and 
a VHF transmitter 122, as shown in FIG. 4. The GPS receiver 
121 receives GPS signals transmitted from the GPS Satellites, 

20 and outputs the position information of latitude and longitude 
of a position where the sound source buoy 12 exist, and time 
information by a well-known method. The VHF transmitter 122 
transmits to the airplane 10 the position information and time 
information from the GPS receiver 121 as a signal in a VHF band. 

25 In addition, the sound source buoy 12 has a receiving unit (not 
shown) which receives a radio control signal from the airplane 
10, and a sound wave generator (not shown) which is driven on 
the basis of the control signal and transmits a sound wave. 
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In the first embodiment, a sound wave is transmitted in 
the sea from the sound source buoy 12 by the control of the airplane 
10 in FIG. 3, and the target 13 in the sea is made to reflect 
the sound wave. The acoustic wave receiving unit 111 receives 
5 a direct sound wave from the sound source buoy 12, a reflective 
sound from the target 13, a reverberant sound, sea noise, etc. , 
converts the received sound into an electric signal, and outputs 
the signal as a received wave signal. The VHF transmitter 113 
transmits the received signal to the airplane 10 together with 

10 the position information on the wave receiving buoy 11 and time 
information from the GPS receiver 112. 

The arithmetic unit mounted in the airplane 10 receives 
the signal transmitted from the wave receiving buoy 11, the 
position information on the sound source buoy 12 and time 

15 information, which is transmitted from the sound source buoy 
12 , etc. , and detects an azimuth of the target 13 by the following 
method on the basis of the received information*. 

Next, an azimuth detection method according to the first 
embodiment will be explained in detail with reference to FIGS . 

20 5A to 5C. The arithmetic unit mounted in the airplane 10 first 
detects arrival azimuths of a direct wave and a reflective sound 
by a well-known method on the basis of the received information. 
FIG . 5A shows a sound source arrival azimuth angle X° of a sound 
wave (direct wave) , which is transmitted from the sound source 

25 buoy 12 and is directly received by the wave receiving buoy 11, 
to a reference axis of the wave receiving buoy 11 . FIG. 5B shows 
a target arrival azimuth angle Y° of a reflective sound, which 
is received by the wave receiving buoy 11 after a sound wave 
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transmitted from the sound source buoy 12 is reflected by the 
target 13, to the reference axis of the wave receiving buoy 11. 

Then , the arithmetic unit mounted in the airplane 10 detects 
difference a ( = X - Y) between the above-described sound source 
5 arrival azimuth X° and target arrival azimuth Y° . Next, the 
arithmetic unit draws a transition diagram as shown in FIG. 5C 
by the position information (latitude and longitude) detected 
by the GPS receiver 121 of the sound source buoy 12, and the 
position information (latitude and longitude) detected by the 

10 GPS receiver 112 of the wave receiving buoy 11. Further, it 
detects an azimuth angle /3 of a straight line, which ties the 
wave receiving buoy 1 1 and the sound source buoy 1 2 , to the magnet ic 
north azimuth. In addition, the magnetic north azimuth is not 
that obtained with a compass , but is obtained from the transition 

15 diagram. 

Then, as shown in FIG. 5C, the arithmetic unit detects the 
azimuth (target azimuth) of the target 13 to the magnetic north 
azimuth by the operation of ( /3 - a ) by using the differential 
azimuth angle a between the arrival azimuth of the direct wave 

20 and the arrival azimuth of the reflective sound and the azimuth 
angle )3 obtained by the position information on the wave 
receiving buoy 11 and sound source buoy 12. Thus, the first 
embodiment obtains the position of the sound source buoy 12, 
and the position of the wave receiving buoy 11 in high accuracy 

25 by using the GPS, and furthermore, detects the azimuth of the 
target from the difference between the arrival azimuth of the 
direct wave and the arrival azimuth of the reflective sound. 
Hence , it is possible to perform highly accurate azimuth detection 
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with no influence of the accuracy of a compass , an earth magnetism 
deviation, etc. which lead to conventional azimuth errors. 

Next, a second embodiment of the present invention will 
be explained. FIG. 6 is a diagram showing a configuration of 
5 a bistatic azimuth detection system according to the second 
embodiment of the present invention. In FIG. 6, the same 
characters are assigned to the same components as those in FIG. 
3 . In FIG . 6 , a wave receiving buoy 1 5 is wave receiving equipment 
thrown into the sea from an airplane 16, and transmits by radio 

10 the received information, obtained by receiving a sound in the 
sea, to the airplane 16 with GPS position information on the 
wave receiving buoy 11. 

The sound source buoy 12 is sound source equipment thrown 
into the sea from the airplane 16 , and transmits the GPS position 

15 information on the sound source buoy 12 by radio while transmitting 
a sound wave into the sea by the control of the airplane 16. 
A target 13 is in the sea and reflects a sound wave transmitted 
by the sound source buoy 12 . The airplane 16 mounts an arithmetic 
unit which calculates arrival azimuths of a sound transmitted 

20 from the sound source buoy 12, and a reflective sound from the 
target 13 on the basis of the received signal from the wave 
receiving buoy 15, and GPS position information on the wave 
receiving buoy 15 and sound source buoy 12. 

FIG. 7 is a block diagram of the wave receiving buoy 15 

25 and sound source buoy 12 in FIG. 6 . In FIG. 7 , the wave receiving 
buoy 15 comprises an acoustic wave receiving unit 151, a GPS 
receiver 152, a compass 153, and a VHF transmitter 154. The 
acoustic wave receiving unit 151 is a circuit which receives 
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a sound wave in the sea, converts the received sound into an 
electric signal, performs the amplification of the electric 
signal or the like, and outputs the signal as a received wave 
signal, and the detailed configuration itself is well known up 
5 to now. Moreover, since it is not directly related to the present 
invention, the explanation of its detailed configuration will 
be omitted. 

The GPS receiver 152 receives GPS signals transmitted from 
GPS Satellites , and outputs the position information of latitude 

10 and longitude of a position, where the wave receiving buoy 15 
exists , and time information by a well-known method . The compass 
153 outputs the magnetic north azimuth to the reference axis 
of the wave receiving buoy 15 . The VHF transmitter 154 transmits 
to the airplane 16 the received wave signal from the acoustic 

15 wave receiving unit 151, an output signal from the GPS receiver 
112, and an output signal from the compass 153 as a signal in 
a VHF band. In addition, the configuration of the sound source 
buoy 12 is the same as that of the first embodiment. 

The arithmetic unit mounted in the airplane 16 receives 

20 the signal transmitted from the wave receiving buoy 15, the 
position information on the sound source buoy 12 and time 
information, which is transmitted from the sound source buoy 
12 , etc. , and detects an azimuth of the target 13 by the following 
method on the basis of the received information. 

25 Next, an azimuth detection method according to the second 

embodiment will be explained in detail with reference to FIGS . 
8A to 8C . On the basis of the received information , the arithmetic 
unit mounted in the airplane 16 first detects a sound source 



arrival azimuth Y° of the sound wave (direct wave), which is 
transmitted from the sound source buoy 12 and is directly received 
by the wave receiving buoy 15, to the reference axis of the wave 
receiving buoy 15, as shown in FIG. 8A by using a well known 
5 method. In addition, on the basis of the information from the 
compass 153 of the wave receiving buoy 15, the arithmetic unit 
detects the magnetic north azimuth of the reference axis of the 
wave receiving buoy 15 . In FIG. 8A, X° shows the magnetic north 
azimuth of the reference axis of the wave receiving buoy 15. 

10 Next, the arithmetic unit mounted in the airplane 16 

calculates a sum (X + Y) of the above -described arrival azimuth 
Y° and themagnetic north azimuth X° , and detects it as an azimuth 
angle <t> (= X + Y) of the sound source buoy 12. 

Then, as shown in FIG. 8B, the arithmetic unit mounted in 

15 the airplane 16 detects an azimuth angle 9 of the sound source 
buoy 12 to the magnetic north azimuth of the wave receiving buoy 
15 from the position information (latitude and longitude) 
detected by the GPS receiver 121 of the sound source buoy 12, 
and the position information (latitude and longitude) detected 

20 by the GPS receiver 1 5 2 of the wave receiving buoy 15. In addition , 
the magnetic north azimuth is not that obtained with the compass 
153/ but is obtained from a transition diagram. 

Then, the arithmetic unit calculates difference between 
the azimuth angle <f> of the sound source buoy 12 , which is obtained 

25 by using the compass 153, and the azimuth angle 6 of the sound 
source buoy 12, which is obtained by using the GPS, and detects 
it as an azimuth correction value a . if there were no error 
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in the compass 153 and azimuth detection, it would be <t> = 0 , 
but actually, the error a arises due to magnetic variation, the 
accuracy of a compass , etc. 

Next, as shown in FIG. 8C, the arithmetic unit detects an 
5 arrival azimuth angle /3 of the reflective sound from the target 
13 to the magnetic north azimuth of the reference axis of the 
wave receiving buoy 15 by the conventional azimuth detection 
method, and further adds the azimuth correction value a to the 
arrival azimuth angle j3 to detect a highly accurate azimuth of 

10 the target 13. 

Thus, before detecting the azimuth of the target 13, the 
second embodiment calculates the difference between the azimuth 
angle <f> of the sound source buoy 12, which is obtained by using 
the compass 153, and the azimuth angle 6 of the sound source 

15 buoy 12, which is obtained by using the GPS, to obtain the 
correction value a. Then, the second embodiment corrects the 
value £ , calculated by the conventional detection method, with 
the correction value a to obtain the azimuth of the target 13. 
Hence, it becomes possible to perform highly accurate detection 

20 with no influence of the accuracy of a compass , the earth magnetism 
deviation, etc. which lead to conventional azimuth errors. 

In addition, this invention is not limited to the above 
embodiments, and for example, it is possible to adopt another 
sound source equipment as the sound source buoy 12, and it is 

25 possible to adopt another wave receiving equipment as the wave 
receiving buoy 12. Furthermore, although the arithmetic unit 
which performs azimuth detection is explained as what is mounted 
in an airplane, it is also possible to mount it in a vessel or 
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the like. Moreover, it is also possible to provide two or more 
wave receiving buoys and one or more sound source buoys. 



